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(54) REFLECTIVE-TYPE LIQUID CRYSTAL; DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ECB (birefringence control) 
reflective-type color STN (super-twisted nematic) liquid crystal display device 
by which a problem that a display color is considerably changed by angles of 
observation is solved. 

SOLUTION: A liquid crystal display device 1 consists of a liquid crystal 
display element 2, a polarizing plate 3a arranged on the observer side of the 
liquid crystal display element 2, a polarizing plate 3b arranged on the side 
opposite to the observer side of the liquid crystal display element 2, a phase 
difference plate 4 arranged between the liquid crystal display element 2 and 
the polarizing plate 3a, a light diffusion plate 5 arranged between the 
polarizing plate 3a and the phase difference plate 4, and a reflection plate 6 
arranged on the outside of the polarizing plate 3b. A transparent electrode 8 
and an oriented film 9 are formed on surfaces facing each other of a pair of 
glass substrates 7 forming the liquid crystal display element 2. Liquid crystal 
10 is interposed between glass substrates 7. Thus, the ECB reflective-type 
color STN liquid crystal display device is constituted. 
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* * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** m e word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The reflected type LCD characterized by having the optical diffusion plate which diffuses light in the specific 
orientation between the polarizing plate by the side of an observer, and the aforementioned liquid-crystal-display element in the 
reflected type LCD to which an ECB method reflex type color STN liquid-crystal-display element comes to intervene between 
the polarizing plates of a couple. 

[Claim 2] The reflected type LCD according to claim 1 characterized by having the phase contrast plate which improves the 
angle-of-visibility property of the orientation which is not diffused with the aforementioned optical diffusion plate between the 
polarizing plate by the side of an observer, and the aforementioned liquid-crystal-display element. 

[Claim 3] It is the reflected type LCD according to claim 1 or 2 which the aforementioned optical diffusion plate carries out the 
laminating of the film of two sheets which has the field in which a refractive index is mutually different, and is constituted, and 
the aforementioned field is prepared in parallel with the orientation in which only the predetermined angle inclined in the 
aforementioned specific orientation to the orientation of a normal of a film, and is characterized by to set up the aforementioned 
angle of each film so that it may become the opposite orientation mutually considering the orientation of a normal as a center 
[Claim 4] The aforementioned phase contrast plate is a reflected type LCD according to claim 2 or 3 to which the angle of the 
diffusion orientation of light and the lagging axis of the aforementioned phase contrast plate which the refractive indexes nx, ny, 
and nz of the orientation of 3 dimension have the relation of nx>nz>ny, and diffused with the aforementioned optical diffusion 
plate to make is characterized by 55 degrees or more being 75 degrees or less. 

[Claim 5] The reflected type LCD according to claim 4 to which the coefficient Nz which shows the rate of the ************** 
value change to elevation angle change of the aforementioned phase contrast plate expressed with Nz=(nx-nz)/(nx-ny) is 
characterized by or more 0.2 being 0.4 or less when wavelength lambda is 633nm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the ECB method reflex type color STN (super twisted 

nematic) LCD which performs a color display especially about a reflected type LCD using the birefringence effect. 

[0002] 

[Description of the Prior Art] Although the reflected type monochrome STN LCD is adopted as the display of a carried type 
information device in consideration of portability, for the reason on check-by-looking ****** } the development of the reflected 
type electrochromatic display display in which the color display of two or more colors is possible is performed. In order to 
realize a color display, without using a light filter especially, the development of an ECB (birefringence control) method reflex 
type color STN LCD is performed briskly. 

[0003] In the principle of this ECB method reflex type color STN LCD, if a gradation voltage is impressed to a pixel, the 
orientation of a liquid crystal molecule will change according to the impressed gradation voltage, product ddeltan of cell thick d 
of a liquid-crystal-display element and refractive-index anisotropy deltan of liquid crystal will change in connection with this, 
and, as a result, coloring according to change of ddeltan will come out according to the birefringence effect of liquid crystal 
[0004] In STN type LCD used from the former, if it is possible to turn on and turn off light, using the light filter, color-izing is 
possible and ddeltan is set as lOOOnm or less. However, in the LCD of ECB method, in order to carry out a multicolor display by 
change of ddeltan, without using a light filter, it is necessary to set ddeltan as a big value, and ddeltan is set as lOOOnm or more. 
[0005] Thus, since the birefringence nature of liquid crystal changes with the incident angles of light a lot by the LCD of ECB 
method by having set up ddeltan in big value of lOOOnm or more, there is a trouble of changing with the angles at which a 
foreground color observes a LCD a lot (elevation angle change of a foreground color). 

[0006] In order to solve this trouble, using for the LCD of ECB method the biaxial nature phase contrast plate with which the 
refractive index of the orientation of 3 dimension has the relation of nx>nz>ny is proposed as indicated by JP,8-15691,A. 
[0007] By this technique, although the birefringence nature of liquid crystal changes with the incident angles of light, since the 
phase contrast with the case where light penetrates liquid crystal the case where it penetrates perpendicularly, and aslant, by the 
relation of the refractive index of the thing hardly changed even if the incident angle of light changes, and a biaxial nature phase 
contrast plate is compensated with a biaxial nature phase contrast plate, as for the birefringence nature of a biaxial nature phase 
contrast plate, elevation angle change of a foreground color is suppressed. 
[0008] 

[Problem(s) to be Solved by the Invention] However, even if it is the case where the technique currently indicated by 
JP,8-15691,A is used, since the LCD of ECB method has large ddeltan, a gap of the slight observation orientation also changes 
ddeltan and satisfaction of elevation angle change of a foreground color is impossible. 

[0009] this invention is made in view of the above conventional troubles, and aims at offering the ECB method reflex type color 

STN LCD which has improved that a foreground color changes with the angles to observe a lot. 

[0010] 

[Means for Solving the Problem] In order to attain the purpose mentioned above, the reflected type LCD of this invention 
according to claim 1 is characterized by having the optical diffusion plate which diffuses light in the specific orientation between 
the polarizing plate by the side of an observer, and the aforementioned liquid-crystal-display element in the reflected type LCD 
to which an ECB method reflex type color STN liquid-crystal-display element comes to intervene between the polarizing plates 
of a couple. 

[001 1] The reflected type LCD according to claim 2 is characterized by having the phase contrast plate which improves the 
angle-of- visibility property of the orientation which is not diffused with the aforementioned optical diffusion plate between the 
polarizing plate by the side of an observer, and the aforementioned liquid-crystal-display element in the reflected type LCD 
according to claim 1 . 

[0012] A reflected type LCD according to claim 3 is set to a reflected type LCD according to claim 1 or 2. the aforementioned 
optical diffusion plate A refractive index carries out the laminating of the film of two sheets which has a mutually different field, 
and is constituted, the aforementioned field It is prepared in parallel with the orientation in which only the predetermined angle 
inclined in the aforementioned specific orientation to the orientation of a normal of a film, and is characterized by setting up the 
aforementioned angle of each film so that it may become the opposite orientation mutually considering the orientation of a 
normal as a center. 

[0013] The angle of the diffusion orientation of light and the lagging axis of the aforementioned phase contrast plate which, as 
for the aforementioned phase contrast plate, the refractive indexes nx, ny, and nz of the orientation of 3 dimension have the 
relation of nx>nz>ny in a reflected type LCD according to claim 2 or 3, and the reflected type LCD according to claim 4 diffused 
with the aforementioned optical diffusion plate to make is characterized by 55 degrees or more being 75 degrees or less. 
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[0014] The coefficient Nz a reflected type LCD according to claim 5 indicates the rate of the ************** value cha t 
elevation angle change of the aforementioned phase contrast plate expressed with Nz=(nx-nz)/(nx-ny) to be in a reflected tvoe 
LCD accordmg to claim 4 is characterized by or more 0.2 being 0.4 or less, when wavelength lambda is 633nm 
[0015] Elevation angle change of a foreground color can be improved, without reducing transverse-plane brightness by having 
the optical diffusion plate which diffuses light in the specific orientation between the polarizing plate by the side of an observer 
and a hquid-crystal-display element according to the reflected type LCD of this invention. This is because the difference of the ' 
property produced with the wavelength of light by each hue is not further emphasized by the diffusion effect by the optical 

STO LCD USi " 8 3 U8ht mter " ° rder t0 USC 3 H§ht flltCr " *** ° aSe ° f 3n ECB meth0d reflex ^ color 

^016] Moreover elevation angle change of a foreground color is improvable [ in all orientation ] with an optical diffusion plate 
mth a sufficient balance by having the phase contrast plate which improves the angle-of-visibility property of the orientatioS not 
to diffuse between the polanzmg plate by the side of an observer, and a liquid-crystal-display element 
[0017] An optical diffusion plate carries out the laminating of the film of two sheets which has the field in which a refractive 
index is , mutually different, and is constituted, furthermore, the aforementioned field It is prepared in parallel with the orientation 
in which only the predetermined angle inclined in the specific orientation to the orientation of a normal of a film the 
aforementioned angle of each film Without being spread, the outgoing radiation of the light which carried out incidence of the 
orientation of a normal along the orientation of a normal of an optical diffusion plate by being set up so that it may become the 
opposite orientation mutually as a center is carried out as it is, and it secures transverse-plane brightness. And when the light 
which carried out incidence in the orientation which inclined to the orientation of a normal makes the inclination orientation in 
proved 5 ° ° nentati0n ' if is Spread in me s P eciflc ori entation and elevation angle change of a foreground color is 

[0018] Furthermore, a phase contrast plate can improve elevation angle change of a foreground color with a sufficient balance in 
al I orientation, when the angle of the diffusion orientation of light and the lagging axis of a phase contrast plate which the 
refractive indexes nx ny, and nz of the orientation of 3 dimension have the relation of nx>nz>ny, and diffused with the optical 
i^JZtSV* T kC 15 5 \ d T CS ° r ^ 75 dCgreeS ° r leSS - Since 3 3-diuensional phase contrast plate can control freely 
change in the elevation angle of the orientation of a lagging axis (the degree is expressed with a coefficient Nz) 
^ l ^ £ a ] f0re8r0Und °ff is im P rovable t0 * e conventional phase contest P lateVo-dimensionS> Z by 
setong the angle which tiie lagging axis of the optical diffusion orientation of an optical diffusion plate and a 3-dimen ional 
phase contrast plate makes as 55 degrees or more 75 degrees or less, the improvement orientation of elevation angle change of 
S , ° r ^ ^ T diffilSi0n Pl3te ^ ** Movement orientation of elevation angle change of me foregfound 

color by the 3-dimensional phase contrast plate can be balanced, and elevation angle change of a foreground color can be 
improved with a sufficient balance in all orientation. luwuururaoe 
[0019] Furthermore, the coefficient Nz which shows the rate of the ************** value cha to elevation } . 
phase contest plate expressed with Nz=(nx-nz)/(nx-ny) can improve elevation angle change of a foreground color wimT 
sufficient balance m all orientation by [ or more 0.2 ] being 0.4 or less, when wavelength lambda is 633nm. 

of^SS The 8esta,t and ±e examp,e of a comparison of operation 0{this invention are exp,ained using 

[0021] (Gestalt of operation) The gestalt of operation of this invention is explained using view l or the drawing 8 The cross 

conZinT 8 C °r^ g *~ ti ° n in d "^ 1 • CX P Ianat0r y s Wthe pha^oSt plate 

XZZ? ^rf^ m dBwmgl.. The cross section showing the optical diffusion plate concerning this invention in 
drawing^ , explanatory drawing showing the arrangement conditions of each part material that drawing 4 constitutes the LCD 
concerning tins invention Explanatory drawing showing color difference change of the 6:00 to 12:00 orientation of r when 
dj2wjn£5 changes a coefficient Nz to 0.1-0.5 ], Explanatory drawing showing color difference change of the 3 00 to 900 

°l [fen d^a^ changes a coefficient Nz to 0.1-0.5 ], Explanatory drawing showing color difference change of 
the 6 00 to 12:00 orientation of [ when drawin g, 7 changes the angle of the orientation of a lagging axis and the optical diffusion 

ZTwZe^ ^ ■ 'A' 68 " 68 V*"** 8 " CXplanat0ry ***** showm 8 Ste difference change of ^3 S 

~^Wh" ^f 1 ^- 1 C 7 Cemi ? g thiS mVenti ° n ^ ^-crystal-display element 2 and polarizing plate 3a 
arranged at the observer side of the hquid-crystal-display element 2, It consists of an optical diffusion plate 5 arranged between 

etment 2 Zdl £h ""T? 3b a ™* ed at ** non-observer side of the liquid-crysL-dispty 

!ndT^H ? '^-crystal-display element 2 and polarizing plate 3a, and polarizing plate 3a and the phase contest plate 4 
and a reflecting plate 6 arranged on the outside of polarizing plate 3b. *-""u<u»i pidie t, 

[0023] In the front face in which the transparent electrode 8 which consists of ITO (indium stannic-acid ghost) respectivelv was 
hTd crvsS H ! "I ° n ** 8l3SS f StratC 7 C0Upk Which 1135 translucency which co'SeT he " 

t ment , 2 C0UnterS ' 3nd tranSparent eleCtrode 8 of a 8 Iass substrate 7 formed, the orientation layer 
™S n f 3 P 01 ^^ resm etc - 15 mostl y formed in the whole surface, respectively * 

0024] Orientation processing is performed by rubbing so that the orientation layer 9 may take the torsion structure where the 

cvtZ^T^l*: 10 WWCh intCrVeneS b6tWeen 81358 itratCS 7 is 250 Agrees. T^e mSeXid 

crystal matenal which added cho estenc nonanoate severalpercent is used for the nematic liquid crystal which has a positive 

j^T! 38 ! qU f ^ Stal 10 as chiraI for re ^ing the orientation of Lion, delten of a mixed 

S^Tfi matenal 1 \ 24 ' and Ce " 0f±e ^^d-crystal-display element 2 is set as 7.5 micrometers 
2nT? ] A K 3 - dunensional P hase con *l s t P Iate is "sed for the phase contrast plate 4 at polarizing plates 3a and 3b using 45% of 
simple substance permeability, and the thing of 99.9% of degree of polarization. musing 45 /„ot 
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[0026] When refractive indexes differ in the orientation of 3 dimension, respectively, the principal indices of refraction of three 
orientation is set to nx, ny, and nz, the refractive index of 3-dimensional phase contrast plate surface inboard is set to nx and nv 
(nx> ny) and the refractive index of the thickness orientation of a 3-dimensional phase contrast plate is set to nz the 
3-dimensional phase contrast plate is set up so that it may be set to nx>nz>ny ' 

TJJITT* ° fCia T- 0f ;**7****7* corresponding to change of the elevation angle of a 3-dimensional phase contrast 
plate is specified as coefficient Nz=(nx-nz)/(nx-ny) using the refractive index of 3-dimensional one, when wavelength lambda is 
633nm, Nz=0.2-0.4 are desirable and use the thing of Nz=0.3 in the gestalt of this operation. Moreover, the quality of the 
material consists of a polycarbonate, and the ************** value uses ±e 2 000nm thing 

[0028] The phase contrast plate 4 used with the gestalt of this operation is the configuration which arranged the lagging axis 12 
and earned out the laminating of the with Nz=0.3 and a ************** vahie f of 400am } hase contr | st ^ 1 of five 

sheets, as shown in drawing 2 . 

[0029] | As shown in drawing 3 , what carried out the laminating of the films 14a and 14b which arranged in by turns two kinds of 
fields 13a and 13b in which a refractive index is mutually different about 0.04 so that it might have fixed angle theta (for 30 
degrees - 50 degrees is desirable, and uses a 45-degree thing in the gestalt of this operation although theta can be set up 
arbitrarily), for example, Sumitomo Chemical ****** tea etc., is used for the optical diffusion plate 5 
[0030] Although the outgoing radiation of the light 15 which carried out incidence to the optical diffusion plate 5 
perpendicularly ,s carried out as it is, the light 1 6 which carried out incidence in parallel with angle theta can be diffused by the 
Bragg diffraction, and can improve elevation angle change of a foreground color. However, on the other hand, the light 16 in 
which films 14a and 14b carried out incidence in parallel with angle theta constitutionally is diffused only in ** and on the other 
hand, can improve only elevation angle change of the foreground color of**. ' 
[0031] For this reason, in the gestalt of this operation, the laminating of the films 14a and 14b is carried out so that angle theta 
imy become the opposite orientation mutually considering the orientation of a normal as a center, for example, elevation angle 
change of the foreground color of the 2-way of 3:00 -9:00 orientation is improved auonangie 
[0032] The optical diffusion plate 5 used with the gestalt of this operation does not have phase contrast, and it arranges it 

™^*t P T" 18 P 33 and the phase contrast P late 4 m order t0 P rotect the 0 Ptical diffusion plate 5 
[0033] Next the arrangement conditions of each part material which constitutes LCD 1 are explained. As shown in drawing 4 
as arrow head A shows, 35 degrees (rubbing shaft) of the liquid crystal molecular orientation shafts of one orientati on layer 9 ' 
lean to the clockwise rotation from 9:00 orientation. As arrow head B shows, 55 degrees of the liquid crystal molecular 
orientation shaft orientations of the orientation layer 9 of another side lean to the clockwise rotation from 12:00 orientation 
Therefore, angle of torsion of a liquid crystal molecule is set as 250 degrees 

EH™ ° PtiC u d lf5f I™ orie 7 n ( f a J tion of me °P tical diffusion P 1 ^ 5 is a 2-way of 3:00 -9:00 orientation, as arrow head C 

oZn from 1^0 f T' 1° ^ ? SOipti ° n Sh3ft ° rientati0nS ° f P° larizin S P late 3a lean t0 <^kwise 

In TZl ?T ? ° nen ^on. As arrow head E shows, 5 degrees of the absorption shaft orientations of polarizing plate 3b lean 
to the clockwise rotation from 6:00 orientation. Moreover, as arrow head F shows, the 30 degrees of the lagging-axis 12 
orientation of the phase contrast plate 4 lean to the clockwise rotation from 6:00 orientation 

rin^i^fr^ elevati0 1 nan 8 le chan 8 e f a foreground color with a sufficient balance in all orientation, it is desirable 

to set the angle of the lagging-axis 12 orientation of the phase contrast plate 4 and the optical diffusion orientation of the optical 

diffusion plate 5 to make, i.e., the angle of arrow head C and arrow head F to make, as 55 degrees - 75 degrees. In meTestaTof 

this operation, the angle of arrow head C and arrow head F to make is set as 60 degrees 

[0037] HerC ' ^ COefflCient NZ ° f 46 phase Contrast P late 4 ex P lains the ground nil why 0.2-0.4 are desirable. 

[Equation 1] ( 

A E * a b 

ab0Ve ; me " ti0I ! ed iS JIS - Z U iS Sh0Wn ^ C ° l0r difference chan g e becomes and an angle-of-visibility 

ssssnrs^^: value becomes large> since ** coior difference is expressed » 8729 - d ^ 

[0039] As shown in drawing 5 , when changing a coefficient Nz to 0.1-0.5, at the time of Nz=0.1 and Nz=0 5 the color 

raSKSST" T ^ 7 f ° r COl f d f ChangC ° f 6:00 10 12:00 orientation ' ^ angle-of-visibihty property is bad. 
[0040] Moreove , as shown mdrawm£6, when changing a coefficient Nz to 0.1-0.5, at the time of Nz=0 1 andNz=05 the 
color difference becomes large and, as for color difference change of 3:00 to 9:00 orientation, the angle-of-visibility property is 

SbS 

HSrffi ^ P 0 ™?™* ?f able settm 8 of * e lagging-axis 12 orientation of the phase contrast plate 4 

m04^ A P 2 T ^T^u ° f ? C ° PtlCal diSuSi ° n Plate 5 t0 ™ ke as 55 de g rees - 75 de S«^ is explained. 

^isotZS^W^J^T °^ 8ing °" a ^- axis 12 orientation and *e optical diffusion orientation to 

make to 50 degrees - 80 degrees, color difference change of 6:00 to 12:00 orientation is not so big a difference 

lTntL ft °nT e Y S , ^ m drawi p n ^ 8 ' when chan ^ the an g le of lagging-axis 12 orientation and the optical diffusion 
nriZT I" 5 °J7 eeS ' 8 °, d6greeS ' Wh6n ** angks °f ^i-axis 12 orientation and the optical diffusion 
onentation to make are 50 degrees and 80 degrees, the color difference becomes large and, as for color difference cZge of 3 00 
to 9:00 orientation, the angle-of-visibility property is bad. wwnge oi j.uu 

[0045] Therefore, when the angle of lagging-axis 12 orientation and the optical diffusion orientation to make is set as 55 degrees 

m04 d f? eS ' ^ Chan ^u° f ' f0regr0Und COl ° r C3n be in ^ W8d ^ a sufficie * balance inXfte ^ orLn^ion 

[0046] (Example of a comparison) The example of a comparison is explained using view 9 and the drawjngm ^ ThTcross 
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"section and the drawing 10 showing the LCD of the former [ drawing / 9 ] are explanatory drawing showing the arrangement 
conditions of each part material which constitutes the conventional LCD. 

[0047] As shown in drawing 9 , conventional LCD 5 1 consists of a phase contrast plate 52 arranged between the 
liquid-crystal-display element 2, polarizing plate 3a arranged at the observer side of the liquid-crystal-display element 2, 
polarizing plate 3b arranged at the non-observer side of the liquid-crystal-display element 2, and the liquid-crystal-display 
element 2 and polarizing plate 3a, and a reflecting plate 6 arranged on the outside of polarizing plate 3b. 
[0048] The liquid-crystal-display element 2 is the same as that of the gestalt of operation of this invention, and the orientation 
layer 9 which consists of a polyirnide resin etc. is mostly formed in the whole surface, respectively in the front face in which the 
transparent electrode 8 which consists of ITO, respectively was formed in the front face on which the glass substrate 7 of the 
couple which has a translucency counters, and the transparent electrode 8 of a glass substrate 7 was formed. 
[0049] Orientation processing is performed by rubbing so that the orientation layer 9 may take the torsion structure where the 
liquid crystal molecule of the liquid crystal 10 which intervenes between glass substrates 7 is 250 degrees. The mixed liquid 
crystal material which added cholesteric nonanoate severalpercent is used for the nematic liquid crystal which has a positive 
dielectric constant anisotropy as liquid crystal 10 as chiral matter for regulating the orientation of torsion, deltan of a mixed 
liquid crystal material is 0.24, and cell ** of the liquid-crystal-display element 2 is set as 7.5 micrometers. 
[0050] A two-dimensional phase contrast plate is used for the phase contrast plate 52 at polarizing plates 3a and 3b using 45% of 
simple substance permeability, and the thing of 99.9% of degree of polarization. A two-dimensional phase contrast plate consists 
of a polycarbonate, and a ************** value is 2000nm, 

[0051] Next, the arrangement conditions of each part material which constitutes LCD 51 are explained. As shown in drawing 10 
, as arrow head G shows, 35 degrees of the liquid crystal molecular orientation shafts of one orientation layer 9 lean to the 
clockwise rotation from 9:00 orientation. As arrow head H shows, 55 degrees of the liquid crystal molecular orientation shafts of 
the orientation layer 9 of another side lean to the clockwise rotation from 12:00 orientation. Therefore, angle of torsion of a 
liquid crystal molecule is set as 250 degrees. 

[0052] As arrow head I shows, 5 degrees of the absorption shaft orientations of polarizing plate 3a lean to the clockwise rotation 
from 6:00 orientation. As arrow head J shows, 70 degrees of the absorption shaft orientations of polarizing plate 3b lean to the 
clockwise rotation from 12:00 orientation. As arrow head K shows, the 30 degrees of the orientation of a lagging axis of the 
phase contrast plate 52 lean to the clockwise rotation from 6:00 orientation. 

[0053] Here, the angle-of- visibility property of LCD 1 concerning this invention explained with the gestalt of operation is 
compared with the angle-of- visibility property of conventional LCD 5 1 explained in the example of a comparison using the 
drawing 1 1 and the drawing 12 . Explanatory drawing and the drawing 12 showing color difference change of the 6:00 to 12:00 
orientation of the LCD except the optical diffusion plate 5 from LCD 51 of the former [ drawing /ll ], LCD 1 of this invention, 
and LCD 1 of this invention are explanatory drawing showing color difference change of the 3:00 to 9:00 orientation of the LCD 
except the optical diffusion plate 5 from conventional LCD 51, LCD 1 of this invention, and LCD 1 of this invention, in 
addition, the drawing 1 1 and the drawing 12 — setting ~ it is ~ and nothing — carrying out — the existence of the optical diffusion 
plate 5 is shown 

[0054] Although there is no difference about the LCD except LCD 1 of this invention and LCD 1 of this invention to the optical 
diffusion plate 5 with a big color difference change of 6:00 -12:00 orientation and the good property is both shown as shown in 
drawing 1 1 , about conventional LCD 51, color difference change is large extremely. 

[0055] For example, when the following formula shows, the case where it is presupposed that elevation angle change of a 
foreground color arises is explained. 
[0056] 
[Equation 2] 

A E*a b = 6 

[0057] In 6:00 -12:00 orientation, the domain which elevation angle change of a foreground color does not produce becomes 
about 80 degrees about the LCD excluding [ conventional LCD 51 ] LCD 1 of about 10 degrees and this invention, and LCD 1 
of this invention to the optical diffusion plate 5. 

[0058] Moreover, as shown in drawing 12 , although color difference change of 3:00 -9:00 orientation shows the good 
angle-of- visibility property about LCD 1 of this invention, about the LCD except conventional LCD 5 1 and LCD 1 of this 
invention to the optical diffusion plate 5, color difference change is large. 

[0059] For example, when the following formula shows, the case where it is presupposed that elevation angle change of a 
foreground color arises is explained. 
[0060] 
[Equation 3] 

A E*a b = 6 

[0061] In 3:00 -9:00 orientation, the LCD excluding [ LCD 51 of the former / domain / which elevation angle change of a 
foreground color does not produce ] / the optical diffusion plate 5 becomes 80 degrees or more from LCD 1 of about 9 degrees 
and this invention about LCD 1 of about 55 degrees and this invention. 

[0062] Thus, according to LCD 1 of this invention, the domain which elevation angle change of a foreground color does not 
produce can make 6:00 to 12:00 orientation, and 3:00 -9:00 orientation about 8 times to conventional LCD 51. 
[0063] Here, the angle-of-visibiiity property of conventional LCD 51 explained in the example of a comparison is compared with 
the angle-of- visibility property of the LCD which formed the optical diffusion plate 5 in conventional LCD 5 1 using the drawing 
13 and the drawing 14 . Explanatory drawing and the drawing 14 showing color difference change of the 6:00 to 12:00 
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orientation of the LCD which formed the optical diffusion plate 5 in LCD 51 and conventional LCD 51 of the former [ drawing / 
13 ] are explanatory drawing showing color difference change of the 3:00 to 9:00 orientation of the LCD which formed the 
optical diffusion plate 5 in conventional LCD 5 1 and conventional conventional LCD 5 1 . in addition, the drawing 13 and the 
drawing 14 - setting - it is - the existence of the optical diffusion plate 5 is shown 

[0064] As shown in drawing 13 , there is no big difference at the LCD by which color difference change of 6:00 -12:00 
orientation formed the optical diffusion plate 5 in conventional LCD 51 and conventional LCD 51, and both color difference 
change is large. 

[0065] Moreover, as shown in drawing 14 , the angle-of-visibility property is improved about the LCD by which it formed the 
optical diffusion plate 5 in conventional LCD 51 about LCD 51 of the former [ change / color difference / of 3:00 -9:00 
orientation ] although color difference change was large. Although it is ineffective to a remarkable thing from the hit where an 
elevation angle exceeds **20 degrees especially and elevation angle change of a foreground color has produced this, it is shown 
that the degree is improved greatly. 

[0066] Thus, the domain which elevation angle change of a foreground color does not produce becomes large to conventional 
LCD 5 1 , and even if elevation angle change of a foreground color arises, the degree is greatly improvable according to the LCD 
which formed optical diffusion plate 5 in conventional LCD 51, i.e., the LCD concerning this invention. 

[0067] As mentioned above, although an angle-of-visibility property is improvable by forming the optical diffusion plate 5, a still 

good angle-of-visibility property can be acquired by combining with a 3 -dimensional phase contrast plate. 

[0068] 

[Effect of the Invention] Like the above explanation, without reducing transverse-plane brightness in the specific orientation by 
having the optical diffusion plate which diffuses light, between the polarizing plate by the side of an observer, and a 
liquid-crystal-display element, elevation angle change of a foreground color can be improved and, according to the reflected type 
LCD of this invention, an angle-of-visibility property can be raised. 

[0069] Moreover, between the polarizing plate by the side of an observer, and a liquid-crystal-display element, by having the 
phase contrast plate which improves the angle-of-visibility property of the orientation not to diffuse, elevation angle change of a 
foreground color can be improved with a sufficient balance in all orientation, and an angle-of-visibility property can be raised 
with an optical diffusion plate. 

[0070] An optical diffusion plate carries out the laminating of the film of two sheets which has the field in which a refractive 
index is mutually different, and is constituted, furthermore, the aforementioned field It is prepared in parallel with the orientation 
in which only the predetermined angle inclined in the specific orientation to the orientation of a normal of a film, the 
aforementioned angle of each film While transverse-plane brightness is secured by being set up so that it may become the 
opposite orientation mutually considering the orientation of a normal as a center, elevation angle change of a foreground color 
can be improved and an angle-of-visibility property can be raised. 

[0071] Furthermore, as for a phase contrast plate, by [ 55 degrees or more ] being 75 degrees or less, the angle of the diffusion 
orientation of light and the lagging axis of a phase contrast plate which the refractive indexes nx, ny, and nz of the orientation of 
3 dimension have the relation of nx>nz>ny, and diffused with the optical diffusion plate to make can improve elevation angle 
change of a foreground color with a sufficient balance in all orientation, and can raise an angle-of-visibility property. 
[0072] Furthermore, when wavelength lambda is 633nm, by [ or more 0.2 ] being 0.4 or less, the coefficient Nz which shows the 
rate of the ************** value change to elevation angle change of a phase contrast plate expressed with Nz=(nx-nz)/(nx-ny) 
can improve elevation angle change of a foreground color with a sufficient balance in all orientation, and can raise an 
angle-of-visibility property. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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